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Towards UML Profile for
Human Machine Interface Applications of
In-vehicle Infotainment Platforms
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Abstract—UML Profiles provided automotive software
designers a way to customize the UML to their partular
domain and purpose. In this paper, we fulfill the @mand for a
suitable profile for In-vehicle Infotainment and Telematics
domain by sketching a UML profile for Human Machine
Interface applications. The HIT-profile classifies different
application and framework components, and enablesheir
mapping to framework APIs. The profile concentrateson the
structure of HMI application and framework interfac es, and
utilizes UML 2.1 standard for the behavioral modelng.

Index Terms— UML, Infotainment Human Machine
Interface Framework (iHMIFw), Model Driven Architec ture
(MDA), HIT-Profile.

I. INTRODUCTION

The development of modern In-vehicle Infotainmentl a
Telematics systems requires reducing the gap batwee
traditional hardware and software designs. Unifi#mtieling
Language (UML) [1] is widely used in software
development, and now it is heavily used in autowoti
software system design. Especially the latest seled the
language, UML 2.1[11] with its extension propos&isngs
several advanced features to support also this idord&L
2.1 holds a promise of a general design langueagectin be
understood by system designers as well as softaace
hardware engineers.

Recent trends in automotive software design inditfadt the
use of prefabricated building blocks for software
development is on the rise. The prefabricatedeanttifare the
off-the-shelf (COTS) software infrastructure and
domain-specific service components that one camieeq
from different vendors and integrate them to deploy
large-scale software applications. Vehicle Navigatis a
good example of such an application on In-vehicle
Infotainment systems.

Hemant Sharmiés Software Engineer at Delphi Delco Electroniesdpe
GmbH, Bad Salzdetfurth, Germany. (e-mail: hemantsia @ delphi.com).
Dr. Roger Kuvedu-Libléss EMC-Comp.-Leader at Delphi Delco Electronics
Europe GmbH, Bad Salzdetfurth, Germany.

(e-mail: roger.kuvedu.libla @ delphi.com).

Dr. A. K. Ramaniis Professor at School of Computer Science, Bailya
University, Indore, INDIA. (e-mail: ramani.scs@dauac.in).

ISBN: 978-988-98671-8-8

Creating models of user interfaces is not a coraplatew
idea. In recent years, research has emphasizedingtie
interaction and navigational part of user interfalde 2]. The
UML has grown into the most widely used modeling
language, and it is used by many processes tofgpecadels

of the software system under development. It igaaly
capable of modeling some of the aspects of HMIst Bf all,
there is the use case diagram to capture userresggmts
before creating the user interface. From theseiragents,
designers can make conclusions for the HMI, andiks
can later be tested against them. The UML can iiex
muscles when it comes to modeling the details aryev
interaction with the system. Designers can usesémeantic
HMI model to create a sound system and give exact
instructions to the developers who will do the éaxidesign

of the system and implement it. But just like theqesses,
the UML does not provide a means to model all #peats of
the HMls.

Generation of HMI using XML based tools, currently
becoming topic of interest, is inspired in Modeliven
Development (MDD) paradigm and in Model Driven
Architecture (MDA) [10]. This approach consists of
designing UML-based models for HMI, from which
generative code techniques are applied to autoafigtic
produce HMI code and other software artifacts. MDD
paradigm has the goal to describe the system fumadtties
using a set of models, shifting the software dgwalent
focus from code to models artifacts. An HMI modela
representation of how the end-users interact \nigtsbftware
system. MDD paradigm intends to create automatic
mechanisms to generate software artefacts fromethes
models.

This paper presents a new UML 2.1 profile, calledofile
for HMI of Infotainment and Telematics System
(HIT-Profile). HIT-Profile defines a set of stereotypes for
extending UML meta classes as well as design pextio
describe HMI applications, target software platferrand
mapping of them. It is especially targeted to liHcke
Infotainment  and Telematics HMI framework
implementation using UML 2.1 description. For thresson,
HIT-Profile is used with a set of tools as depidte#igure 1.
These tools include the UML tools Artisan [14], @lelgic
Rhapsody [15] and Enterprise Architect [16].
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Figure 1: HMI Design Flow using HIT-Profile.
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Rest of the paper is organized as follows: In tieWing
section an overview of related research is providedtion 3
shortly explains the artifacts of Infotainment HMh section
4, we describe the HIT-Profile construction. Seactib
describes an example for model driven HMI develaptme
using HIT-profile. In section 6, we elaborate théufe
activities and finally conclude the paper.

Il. BACKGROUND

A number of extension proposals have been presdaoted
real-time and embedded system design. The proposalse
roughly divided into three categories: system alatfgrm
design, performance modeling, and behavioral deSihe
Embedded UML [3] is a UML profile proposal suitalfte
embedded real-time system specification, designd an
verification. A UML Platform profile is proposed if],
which presents a graphical language for the spatifin. It
includes domain-specific classifiers and relatigpshto
model the structure and behavior of embedded sgst€he
ACCORD/UML profile [6] defines a methodology for whel
mappings during the different development stagese T
UML-RT profile [5] defines execution semantics tapture
behavior for simulation and synthesis. The UML Reofor
Schedulability, Performance and Time (or the Rima¢t
UML Profile) is standardized by OMG [4]. The préfil
defines notations for building models of real-timgstems
with relevant Quality of Service (QoS) parameters.

The UMLI [7] approach proposes a profile to captthe
conceptual, presentation and behaviour aspectgstéras.
The UWE [8] approach focuses particularly on mougli
Web systems. The proposals in UMLi and UWE, for the
presentation design, have some similarities withr ou
HIT-Profile Interaction View.

Within the scope of MDA, for a given language (simple
metadata collection) two ways exist to define trgliage in
terms of the actual OO meta-modeling techniqueksbya
defining a UML profile; (b) by defining a complegehew
metamodel through MOF. UML profile is a specificywaf

using UML to define (by means of a set of UML exdiem

mechanisms like stereotype, constraint, taggedeyaic.) a
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specialized UML metamodel[12,13]. The second apgrpa
instead, is a more desirable solution when cleaiyL
cannot capture nuances of design paradigms.

XIS Profile [9] promotes a platform-independentigador
interactive systems. This means that the XIS mrddilows
the design of interactive systems at a PIM level
(“Platform-Independent model”, according to the MDA
terminology [10]), so systems can be targeted gusprecific
model-to-code transformations, to different sourode
languages and platforms, such as Web, desktop bileno
platforms (e.g., J2ME, .NET Compact Framework, oy a
embedded systems that are meant to support interact
systems).

I1l. MODELING INFOTAINMENT HMI ARTIFACTS

A. HIT-Profile Approach

HIT-Profile extensions are used to define the $tmecand
parameters of components of an HMI application il
framework platform as well as their mapping.
Correspondingly, the HMI application design is didl into
three parts: application description, frameworkcdigsion,
and mapping. Both the application and framework
descriptions can be developed independently of etudr.

HIT-Profile mainly concerns the structure of an HMI
application and our In-vehicle Infotainment HMI Rrework
(iIHMIFw). The application is seen as a set of atilasses
with an internal behavior. The framework is seenaas
component library with a parameterized presentatiasML
for each library component. The profile does natriet the
behavioral modeling, and by default, it utilizesarstard
UML concepts for this.

HIT-Profile classifies different application andatfbrm
components by defining various stereotypes andtstiles
how to use them. The obijective is to enhance thpat of
external tools [14, 15, 16] for automatic analyzipgpfiling,
and modifying the UML description of an infotainmé#iVI
system. The classification also assigns definedmaters to
proper components.

In practice, the profile is applied in a tool franwek depicted

in Figure 1. The platform mapping can be explicitly
performed by the designer, or assisted with toBés. the
profile, we plan to develop a UML profiling toolah shall
combine the UML description (model parsing) and
simulation statistics (simulation log-file) that @btained
during the verification phase. Based on the prdfilialso the
HMI description will be modified to fulfil contextelated
constraints.

B. Infotainment HMI Framework Architecture

This section provides an overview of architectrews HMI
framework, for which HIT-profile is expected to geras
description language.
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act Framewark Architecture
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Infotainment HMI Framework
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Core :: Graphics Core :: Widget Core
Interface Interface Context
iHMIFw @ iHMIFw o IHMIFw :: iIHMIFw 3 IHMIFw ::
GPS TCP/IP BLUETOOTH CAN MOST
Figure 2: iHMIFw Components.
The framework has been developed using MDA

methodology and partitioned into independent corepts
based on functional area. Figure 2 partially regmeghe

components of the HMI framework. The components are

organized to make the framework scalable and flexibhe
framework has a set of core components and sonienapt
components. Core components provide the bare mmim
functionality that is required for an HMI applicati.
Optional component may be configured along with
framework to provide additional functional interéesc

View component is responsible for HMI View creation. It
provides interfaces to describe the appearancéahnavior
of the view. Further, this component is also resjiua to
define the view tree structure for an HMI applioatiand
defining the view state transitiodMIBase defines the
structure of HMI applications. This component eeahthe
HMI application to interface with platform specifaspects
such as startup and shutdown of applicat@smmunication
is responsible for communication between componefts
HMI Application as well as communication with exial
applications.Graphics Interfacecomponent interfaces to
graphics resources in the system. This includeghiga
libraries, display access handlers, image managearah
font resource files. HMI Applications are allowed tise
specific widgets available in infotainment applioat
specific widget libraries.Widget Interface component
provide interface to the widget resources, the HMI
application intend to useContext component provides
interfaces that help HMI Applications to define thentext
for its individual views. Further, this componentish
mechanism to read context configuration informafimm a
XML file.

The components of iHMIFw shall be included into the
models of HMI Application using HIT-Profile constts.
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C. Metamodel for Infotainment HMI Applications

The metamodel for HMI applications of In-vehicle
infotainment system is shown in Figure 3.

The HMI applications shall inherit the layered campnt
structure from iHMIFw. Presentation layer of thppkcation
will be composed of a set of hmiView meta clasgagery
view must have an appearance and an associatedidreha
Therefore, the interface classbmiViewAppearanceand
hmiViewBehavior will be realized by applications.
Depending on the features implemented by a viewilit
have multiple widgets, realized usihgniWidget contained
in one or more containers, realized using
hmiWidgetContainer Actions and resulting response on
presentation layer will be managed by instances of
hmiControllerand its extensions. The applications will have
the ability to retain the knowledge about their testh by
realization ofhmiContextextensions.

Data and control communication between applicatod
framework components as well as the external
communication is managed by instances of commuaitat
and service interfaces i.ehmiCommunication and
hmiServicelnterface

class HMI Metatodel -

hmiWwidget = hmi¥iewAppearance

{ \& hmiviewBehavior| &
1.7 o
~_ 7

hmiwidgetContainer -, |

hmiview hmiController

1;'_0

hmiApplication

| :

hmiCommunication} ! pmigervicelnterface

hmilnterface

hmiContext

Figure 3: HMI Application Metamodel

IV. HIT PROFILE CONSTRUCTION

A. HIT —Profile Stereotypes

HIT-Profile contains stereotypes to support infotagent
HMI design. The structure of the HIT-Profile is peaited in
Figure 3. Stereotypes of the profile have beeritfared into
separate packages, namely, application stereotgipkape
and framework stereotype package.

Application stereotypes help in modelling the HMI
application structure whereas framework stereotypes the
iHMIFw constructs into application.

A view is composed of appearance and behaviour. An
application is composed of application componewtsich

are instantiated as application processes. Nextjcagion
processes are grouped into process groups.
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class Profile

«hmiApplication»
Application

«Behaviours «Widgets | 0 preeees £

«Appearances

«hmiFramework::
IHMIFw

[ «hmicontexts |

«whmilnterface:

«hmiFramework:- |

wMiews

«Compositewidgety | | ... o

«Controller

| «hmicatalogues |j
]

| «serviceinterraces |

£

«ServiceComponents |

trace s

«Application, [ «hmirepository» |

[ «hmicomponentinterface» |

whpplicationProcesss» |

i
«hmi Cammunication:s «frameworkMapping
s frameworkMapping

Figure 3: HIT-Profile

Stereotype Name Description Correspondingly, iHMIFw is composed of components,
(extended metaclass) which are instantiated as component instances.llfina
Application(class) Top Level HMI Application class process groups are mapped to framework component
ApplicationProcess | Instance of functional HMI instances using framework mapping. The summary of
(Structural Feature) | application component. stereotypes of HIT-profile is presented in Table 1.
Behaviour (class) Behavior description of HMI The stereotype <<Application>> is applied to defime

component. top-level class of an HMI application descriptidrhe top
Appearance(class) Static Design Description of HM|I level class has a class hierarchy defining diffecdmsses of

components. an application. The active classes having behamicalled
Controller Work flow description of HMI. functional components. Passive classes are stalictur
(Structural Feature) components, which do not have behaviour, but instea
CompositeWidget Collection of Basic Widgets define composite structures and data structuresngto
(Structural Feature) application data. Process grouping, represented by
Servicelnterface Generic Interface for Internal and <<ApplicationProcess>>, is a part of an HMI appiica
(class) External Communication. description and it defines the process structure H¥I
ServiceComponent | Collection of Feature application. The structure is implementation-otgehand
(Structural Feature) | Implementation. may thus differ from the composite structure of an
View (class) Static Definition of HMI Screen. application. Stereotypes <<Behaviour>> and
hmiContext (class) Scenario Description class. <<Appearance>> describe an HMI view. Logical
hmiCatalogue Data and Function Repository. organization of all widgets of an HMI applicatiors i
(Structural Feature) represented by stereotype <<View>>. Interface to
hmiFramework Top Level HMI Framework class. framework c.omponents and other applications instretem
(Structural Feature) is d_escnbed by <<SerV|ceInterface>_> _ and
hmilnterface (class) | Framework Interface for HMI <<ServiceComponent>> stereotypes. <CompositeWidget>

Application. represents a collection of widgets that belong vee.
hmiRepository Persistent Storage for HMI. B. Tagged Values for HIT-Profile Stereotypes
(Structural Feature)
hmiComplinterface | Communication Description The definition of HIT-Profile stereotypes is assted with
(Structural Feature) | Interface. tag definitions. These tags of stereotypes shafl tazither

attribute or interface of iIHMIFw. Table 2 lidfse tagged
Table 1: HIT-Profile Stereotypes summery. values for some of the structural stereotypes af-Piofile.
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Tagged Values Description

<<Application>>
ID System-wide unique identifier

Server Application for which HMI is client.

Context Supported context information.
<<Controller>>

Controller List of Controller States

States

Current state of controller
<<ServiceComponent>>

ID Service identifier.

Interface List List of provided interfaces

Current State

State Component Availability state
<<hmiFramework>>

State Current State of Framework

Config Framework Configuration Information.

Framework’s internal and external
Communication Interface
<<hmiRepository>>
Type of repository (Data/ Function)
Maximum size
<<hmiComponentinterface>>
Application component list
List of exposed interfaces.

Comminterface

Type
Size

Subscription
InterfaceList

Table 2: Tagged values for HIT-Profile Stereotypes.

C. Mapping of Stereotype to iHMIFw Interfaces

When both an HMI application and corresponding
customization of iHMIFw framework have been modglle
each group of stereotype is transformed to cormdipg
implementation feature of framework component.

HIT-Profile
<<Application>>

iHMIFw
iHMIFW_clApplication
HMI Application class
iHMIFw_clStateContext
State machine base class for
HMI Application
<<ServiceComponent>3 iHMIFw_clSUCompBase
Base class Service Component.
iHMIFw_clContextBase
Context base class for HMI
Application.

<<Controller>>

<<hmiContext>>

Table 3: HIT-Profile mapping.

In order to achieve seamless model transformatienhave
defined mapping of HIT-profile concepts into theMHrw
classes and class members. Since HIT-Profile isilgnai
collection of structural notations for expressingviH
application’s composite structure and is orthogdoathe
functional behaviour, we do not consider generatidn
functional code from UML models, which has beenered
adequately by many commercial UML tools [14, 15].16
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Instead, we focus on the mapping of structure of IHM
application, context description and behaviouraistaicts.
Table 3 shows some example mappings.

V. HMI MODELING USINGHIT-PROFILE

This section presents HIT-Profile utilization witie design
of a custom HMI application feature for Infotainrhemhe
examples show how HIT-profile has been applied gwith

UML 2.1 diagrams, and how the HIT-Profile can belau

in Model Driven design.

A. Example Scenario — HMI for Off-board Navigation

The HMI application is intended to show runningdgrice

and provide turn-by-turn navigation instruction. igh
application shall be part of infotainment systemolhalso

hosts the Navigation server application. Navigatsenver

application provides the guidance relevant inforamat
update to HMI application. The HMI application iased on
iHMIFw and controls the guidance running at naviyat
server application.

B. Platform Independent modeling

The design of the navigation HMI application degstion
will start from the definition of the class hierbgc The
top-level application class and its componentscaeated,
and the associations between components are defined

class Havigation HMI PIM -
«Application» «Views «Widgets
NavHMIApp R NavinactiveView NavMapWldget
; «Views -
? NavActiveView

blp—  «CompositeWidgets
NavGuidanceWidget

«Controllers
NavStateManag

«ServiceComponent»
GuidanceService

«Servicelnterface»
NavSemverProxy

Figure 6: PIM for Navigation HMI Application

NavHMIApp is the top level class of the applicatidius, it

is stereotyped as <<Application>>. The applicationtains
NavActiveViewand NavinactiveViewas route guidance
views and therefore stereotyped as <<View>>.
NavMapWidgetand NavGuidanceWidgeare examples of
widgets in a view and therefore stereotyped as <géat>>

to compose the active navigation view. The appbcat
interacts with  Navigation Server application via
NavServerProxy Interface. Behaviour of views istoolied

by <<Controller>> stereotyped NavStateManager class
along with <<ServiceComponent>> stereotyped
GuidanceService class.
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C. Platform Specific Mapping

For the transformation of PIM to C++ PSM, we usetiML
tool Enterprise Architect [16] with customized
transformation script. The tool is able to intetghe models,
and generate code out of them. The transformatiopt$as
been developed using template based approach.iptestr
of details of transformation script is not the seayf this
paper.

Figure 7 shows the source code NavHMIApp and
NavActiveView classes obtained from PSM transfoiomat

B T e
* Class NavHMILpD
"\' t=================================1"[.."

clazs WNavHMIApp
i

public:
MWewHMTIApp () :
wirtual ~NawvHMILppi):
NavictiveView *m NavictiveWiew:
HNavInactiveWiew *m NavIinactiveView:
NavitateManager *m NavitateManager:

class NavictiveView

i

public:
NawvictiveView () ;
wirtual ~NawvictiveView():
NavGuidanceWidget *m NavGuidanceWidget;
NavMapWidget *m NavHapWIdget;

Y

Figure 7: Partial PSM for Navigation HMI Applicati on

The example shows that HIT-profile can effectively
describe the application and framework design aspEan
Infotainment HMI application. Mapping of stereotgpef the
profile to framework APIs, visualize HIT-profile as
Architectural Description Language (ASL) for iHMIFw

VI. CONCLUSION

The creation of profiles and UML extensions is resegy
when the standard model constructs do not give the
expressiveness required to represent the specific
characteristics of particular domains, as it hagpeith the
HMI modeling process for In-vehicle Infotainment
applications.

The UML profile for Infotainment HMI here presented
defines a language that allows specifying, anafyzin
designing, constructing, visualizing and documentthe
software artifacts in a HMI application design flow
providing a modeling framework for infotainment tsedre
systems in which high level functional models carrdfined
down to an implementation language.

There are, however, some open issues that nee@ to b
investigated further. In the first place, we thikat
platform-independent UML profiles are not enough,
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especially for Infotainment HMI application framemko
Thus, iHMIFw framework is semi-developed HMI
application that leverages the user to implemergtrabthe
common services, facilities and functionality ofeth
applications. In this sense, platform- independendels are
useful but insufficient for documenting application
frameworks, since some details about the platfquaciic
HMI implementation needs to be described, too. Aept
issue is about interoperability. We cannot makesthmplistic
assumption that all systems will be designed andaieal
using the same modeling tools. Therefore, apprtpbeadge
between models is needed.

As part of our future work , the HIT-profile willirther be
enriched by the specialization of the stereotyped by
improvement of parameterization. It is our goafjes more
experience to build customized HMI patterns, arifile
UML tool plug-in that allows simplifying the entiteuilding
process of infotainment HMI software artifacts.
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